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OutlineOutline

� Mirrors and Images
� Types of Images

� Real & Virtual 
� Types of Mirrors

� Plane & Spherical

� Image Formation
� Images from Spherical Mirrors 
� Locating Images by Drawing Rays
� Magnification

� Thin Lenses
� The Lens Makers Equation 
� Images from Thin Lenses
� Locating Images by Drawing Rays

� Activity
� Thin Lenses and Image Formation
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“An Image is a Reproduction Derived from Light”

Real Image: Light rays actually pass through image, really exist in 
space (or on a screen for example) whether you are looking or not.

Virtual Image: No light rays actually pass through image. Only appear 
to be coming from image. Image only exists when rays are traced back 
to perceived location of source.

Two Types of ImagesTwo Types of Images
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Plane mirror is a flat reflecting surface…

Plane Mirrors Plane Mirrors -- Point ObjectsPoint Objects

Identical triangles

For a plane mirror: i p= - � since I is a virtual image, i < 0.
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Each point source of light in the extended object is 
mapped to a point in the image.

Plane Mirrors Plane Mirrors -- Extended ObjectsExtended Objects
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Plane mirror ®®®® concave mirror
1. Center of curvature C: 

in front at infinity ® in front but closer
2. Field of view 

wide ® smaller
3. Image 

i=p ® |i|>p 
4. Image height

image height = object height ®
image height > object height 

Plane mirror ®®®® convex mirror
1. Center of curvature C: 

in front at infinity ® behind mirror and closer
2. Field of view 

wide ® larger
3. Image 

i=p ® |i|<p 
4. Image height

image height = object height ®
image height < object height 

Spherical MirrorsSpherical Mirrors

concave plane convex
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Focal Points of Spherical MirrorsFocal Points of Spherical Mirrors

concave convex
1
2

f r=

r > 0 for concave (real focal point)
r < 0 for convex (virtual focal point)
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Start with rays leaving a point on object, where they intersect, or appear 
to intersect, marks the corresponding point on the image.

Images from Spherical MirrorsImages from Spherical Mirrors

Real images form on the side where the object is located (side to 
which light is going). Virtual images form on the opposite side.

Image Location: 1 1 1
p i f

+ = Image Magnification:
i

m
p

= -
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Locating Images by Drawing RaysLocating Images by Drawing Rays

1. A ray that is parallel to central axis reflects through F.
2. A ray that reflects from mirror after passing through F emerges parallel to central axis.
3. A ray that reflects from mirror after passing through C returns along itself.
4. A ray that reflects from mirror after passing through c reflects about the central axis.
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Proof of the Magnification EquationProof of the Magnification Equation

Similar triangles

       ,   ,  

      (magnification)

de cd de
cd i ca p m

ab ca ab
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PhysletPhyslet -- MirrorsMirrors

Adapted from Physlets at Davidson  College.

View Physlet online at: http://www.evsis.org/applets/Mirrors.html
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The Lens Makers EquationThe Lens Makers Equation

� Fundamental Relationship

� Applications
� Medicine

� Cameras

� Projectors
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Converging lens

Diverging lens

( )
1 2

1 1 1
1n

f r r
� �

= - -� �
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Lenses can only function if the index of the lens 
is different from that of its surrounding medium:

Thin LensesThin Lenses
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Images from Thin LensesImages from Thin Lenses

Real images form on the side of a lens that is opposite the object (side to
which light is going). Virtual images form on the same side as the object.
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1. A ray initially parallel to central axis will 
pass through F2.

2. A ray that initially passes through F1, 
will emerge parallel to central axis.

3. A ray that initially is directed toward the 
center of the lens will emerge from the 
lens with no change in its direction (the 
two sides of the lens at the center are 
almost parallel).

Locating Images of Extended Objects by Drawing RaysLocating Images of Extended Objects by Drawing Rays
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PhysletPhyslet–– Physical OpticsPhysical Optics
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Lens Equation:

Example: f=0.75

View Physlet online at: http://www.evsis.org/applets/Bench.html
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Activity Activity –– Thin Lenses & Image FormationThin Lenses & Image Formation

� Objectives
� Observe the behavior 

of lenses
• Single lens

• Lens combinations

� Understand the thin-
lens equation

• Object/image 
location

• Object/image sign

Your Name (Print ):         Date:    
Group Members:                
                  Group:    
 
 

Thin Lenses and Image Formation 
 
Materials/Equipment: 

Optical bench with lens assortment  
 1 short focal length convex lens (fshort of approx. 5 to 10 cm)  
 1 long focal length convex lens (flong of approx. 10 to 15 cm) 
 1 negative focal length concave lens (fneg of approx. -15 to -20 cm) 
Lens holders (use rubber bands to hold the lens in place, not tape, not gum) 
Light source (goose-neck lamp with 40W clear bulb) 
Meter stick and/or ruler 
3x5 cardboard cards 
Optional: You may put books under the optical bench if the lamp is too high 

 
Objectives:   
Observe the behavior of lenses and lens combinations, including pinholes.  Understand the thin-
lens equation, and especially the sign choices that arise.     
 
Procedure: 
 
1.  The focal length of a convex lens is the distance from the lens to the image of a light source 
that is infinitely far away.  Determine the approximate focal lengths of your convex lenses by 
measuring this distance with a ruler when forming an image of a distant object (out a hallway 
window), just to make sure you’ve got the right ones in the right bags, they may be mislabeled. 
Write the results here: 
 
 
2.  Arrange the image screen and lamp about one meter apart on your lab table.  Hold the long 
focal length lens between them, nearer to the screen than the lamp, and adjust the screen’s 
position until you see a clear, sharp image of the lamp on the screen.   
 
 
 
 
 
 
 
Is the image right-side-up or upside-down?  Is it flipped horizontally?  How can you tell? [You 
may want to hold a pencil right in front of the lamp and move it around while watching the image 
of the pencil.] 
 
 
 
3.  What do you predict will happen to the image when the top half of the lens is covered so no 
light gets through that part of the lens? (Answer below before attempting this). 
 

Lamp 

Lens 
Screen 
and 
image 


